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Well Lakeview No. 1, California's greatest gusher, located in Midway-Sunset oil field. The well blew 
out in 1910 and flowed oil at rates estimated as high as 125,000 barrels per day. The Lakeview gusher 
flowed for an 18-month period and produced an estimated 9 million barrels of oil. 
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In 1986, as well No. 566ER-29 was being drilled into a deeper zone, steam from a pocket in a thin sand undergoing steam- 
injection activities blew through the rig crown block. Photo by Elizabeth Johnson. 
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INTRODUCTION WELL-BORE PRESSURE CONTROL 



A blowout, defined as the uncontrolled flow of forma- 
tion fluids from a well bore, is one of the most dramatic 
of all oilfield events. Fortunately, blowouts are rare 
occurrences today. 

Blowouts occur when formation fluids flow uncon- 
trolled into a low-pressure subsurface zone (an under- 
ground blowout) or to the surface (a surface blowout). 
Most commonly, a blowout happens when there is 
insufficient pressure in a well bore to control subsurface 
pressures. If well-bore pressures are allowed to drop to 
a point where formation fluids enter the well bore, a 
"kick" will occur. A kick can be the beginning of a 
blowout. When a kick is detected during drilling 
operations, the blowout prevention equipment (BOPE) 
is closed, sealing the well bore and preventing addi- 
tional formation fluids from entering the well. The 
drilling crew then undertakes additional kick-control 
measures. Usually, heavier drilling fluid is circulated 
down the well bore until control is regained and normal 
operations can continue. 

In California, Section 3106 of the Public Resources 
Code requires the State Oil and Gas Supervisor to "so 
supervise the drilling, operation, maintenance, and 
abandonment of wells... to prevent, as far as possible, 
damage to life, health, property, and natural resources. .." 
This responsibility extends to any well drilled for 
recovery of oil, gas, or geothermal resources. The 
California Department of Conservation-Division of 
Oil, Gas, and Geothermal Resources carries out these 
mandates through a regulatory program designed to 
prevent well blowouts. 

* Manuscript submitted April 1992. 



During drilling, completion, or plugging and abandon- 
ment operations, proper well-bore pressure control is 
the key to preventing blowouts. There are two ways to 
control well pressures. 

The primary method is by hydrostatic pressure, created 
when a well is filled with fluid, which is most often 
drilling mud. The amount of hydrostatic pressure 
exerted by a column of drilling fluid is determined by 
the vertical height of the fluid column and by the weight 
(density) of the fluid itself. Normally, the hydrostatic 
pressure of the drilling fluid is kept slightly above that 
of the formation fluids. This pressure overbalance 
prevents formation fluids from entering the well bore. 

The secondary method of well control is the use of 
BOPE, which can be activated to close and seal a well 
bore at any time and under almost any conditions. The 
type of BOPE required is determined when evaluating 
the proposed depth of the well, the nature of the strata 
to be penetrated, and the surface environment. 

The BOPE is fastened securely to the well casing, 
which must be cemented at a depth that will safely 
permit the crew to use adequate well-control proce- 
dures. If the casing is not set deeply enough, lost 
circulation of drilling fluids or an underground blowout 
may occur through weak, low-pressure zones exposed 
below the casing. Lost circulation, which occurs when 
drilling fluid passes from the well bore into a low- 
pressure zone, can lead to a blowout through a loss of 
hydrostatic pressure. An underground blowout occurs 
when formation fluids move through the well bore from 
one zone to another. This often causes the fracturing of 
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a weak, low-pressure zone below the casing and allows 
well fluids to flow to the surface outside the casing in 
an uncontrolled manner. 

STEAM PROJECTS AND BLOWOUTS 

Heavy oil is too viscous to be produced easily without 
using enhanced oil recovery techniques. Typically, 
steam is injected into a heavy-oil reservoir to lower the 
oil's viscosity and enhance flow within the reservoir, 
thereby assisting the production process. 

In 1990, 52 percent of the total oil produced in Califor- 
nia came from steam-injection projects. In recent years, 
steam blowouts in such projects have become the most 
common type of blowout in California. In fact, 19 of the 
31 oil- and gas-well blowouts between 1984 and 1990 
were steam blowouts. 

Usually, steam blowouts occur when a high-pressure 
zone undergoing steam injection is penetrated by a well 
whose drilling fluid column is insufficient to control 
the zone pressure. Also, steam blowouts can occur 
when high-pressure steam reaches old wells that were 
not plugged and abandoned according to modern engi- 
neering standards. 

Most steam blowouts are not as serious as other oil- and 
gas-well blowouts because steam is not combustible; 
hence, the dangers of fire are minimized. Also, steam 
blowouts can usually be quenched with relative ease by 
injecting cold water into the well bore. 

DATA IN THIS REPORT 

In October and November 1 950, World Oil published a 
two-part article titled "Well Blowouts in California 
Drilling" that evaluated the nature and cause of Califor- 
nia oil- and gas-well blowouts from 1940 to 1949. 
Tables from the article are reprinted as Table A in this 
report. 

Table B shows the ratio of blowouts to wells drilled 
from 1950 to 1990, by year. Table C is a tabulation of 
the number of oil and gas wells drilled and producing in 
California. Table D is a detailed study of oil- and gas- 



well blowouts from 1950 to 1990, based on data from 
the division's records. The data in Table D include: 
date, operator, field, well, injuries (if any), fire (if any), 
duration, substances blown from the well bore, the well 
operation underway at the time of blowout, and the 
cause of the blowout. The blowouts are listed chrono- 
logically. 

STUDY RESULTS 

From 1950 to 1990, there were 101,578 oil and gas 
wells drilled in California. Of the 139 blowouts that 
occurred in this period, 52 took place during drilling 
operations, 16 took place during completion opera- 
tions, 1 0 during plugging and abandonment operations, 
and 61 during other well operations. Twenty-four of 
these blowouts occurred in steam-injection projects. 

The causes of the blowouts that occurred during drilling 
operations fell most commonly within three categories, 
which result from human error: (1) failure to maintain 
adequate drilling fluid weight; (2) failure to keep the 
hole full of drilling fluid; and (3) failure to prevent 
swabbing. These categories accounted for about 55 
percent of the blowouts from 1950 to 1990. This fact 
is recognized widely by both the oil and gas industry 
and regulatory agencies that, together, stress the impor- 
tance of drilling crew blowout-prevention training pro- 
grams. 

In discussions of blowouts during drilling operations, 
lost circulation is frequently mentioned as a common 
cause; however, this study indicates that lost circulation 
leading to a blowout has been a rare occurrence in 
California. Only 4 of the 52 drilling-operation blow- 
outs were due to lost circulation alone. 

From a statistical standpoint, the number of blowouts 
during drilling operations is about five one-hundredths 
of one percent of the total wells drilled, and is smaller 
than the number of blowouts that occurred during 
nondrilling operations (e.g., during workovers, comple- 
tions, etc.). 
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GLOSSARY 



BLOWOUT - An uncontrolled flow of well fluids and/ 
or formation fluids from the well bore to the surface 
(surface blowout), or into lower-pressured subsurface 
zones (underground blowout). 

BLOWOUT PREVENTION EQUIPMENT (BOPE) - 
The entire array of equipment installed at the well to 
control kicks and prevent blowouts. Consists of the 
preventers, actuating system v and auxiliary equipment. 

DRILLING FLUID DENSITY - Weight of the working 
fluid per unit volume, usually expressed as pounds per 
gallon or pounds per cubic foot. The density is in- 
creased by adding a weighting material, such as barite. 

DRILLING FLUID (DRILLING MUD) - A mixture of 
water and inert clay minerals. Performs several valu- 
able functions during the drilling of a well, including 
the control of subsurface pressures. 

FLUID COLUMN HEIGHT - The height of fluid in the 
well bore. For pressure calculations, this height must 
be true vertical height. 

FORMATION FLUIDS - Naturally occurring water, 
gas, and oil that may be under pressure. 



FORMATION PRESSURE - The naturally occurring 
pore pressure due to artesian continuity, the overburden 
of soil and rocks, and/or unusual geological conditions. 

HYDROSTATIC PRESSURE - The pressure exerted 
by a column of fluid. The amount of pressure is 
dependent upon the density of the fluid and the vertical 
height of the fluid column. 

KICK - The unscheduled intrusion of formation liquids 
or gas into the well bore. Without corrective measures, 
this can result in a blowout. 

LOST CIRCULATION - The loss of working fluid, in 
quantity, to the formation. 

SWABBING - A process created when tight-fitting 
drill pipe or tools are pulled from the well bore, creating 
a suction that draws drilling fluid up and out of the hole, 
allowing formation fluid to enter the well bore. 

UNLOADING THE WELL - The process whereby the 
fluid column in a well bore is forced out, usually due to 
gas entering the well bore. 

WORKING FLUID - Any fluid put in the well bore to 
control pressure and serve as a circulation medium. 
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Table A. Well Blowouts in California Drilling Operations (1940-1949).* 



TABLE 1 



Well Blowouts In California Drilling 
Operations (1940-1949) 









Percentage 






Number of 




of Blowouts 






Welts 


Number of 


To Wells 


Wells Drilled 


YEAR 


Drilled (•) 


Blowouts (b) 


Drilled 


Per Blowout 




DEVELOPMENT (.) 


1940 


349 


4 


1.1 


87 


1041 


300 


1 


0.3 


360 


1942 


223 


0 


0.0 


223 


1943 


551 


2 


0.4 


276 


1944 


708 


10 


1.4 


71 


1945 


618 


5 


0.8 


124 


1946 


559 


4 


0.7 


140 


1947 


607 


3 


0.5 


202 


1948 


709 


3 


0.4 


256 


1949 


675 (c) 


2 


0.3 


337 


Total 


5419 


34 






Avg. 






0.6% 


160 











EXPLORATORY 



1940 


74 


1 


1.4 


74 


1941 


103 


5 


4.9 


21 


1942 


118 


3 


2.5 


39 


1943 


159 


2 


1.3 


79 


1944 


228 


-7 


3.1 


33 


1945 


226 




0.4 


226 


1946 


200 


2 


1.0 


103 


1947 


252 


5 


2.0 


50 


1948 


207 


2 


0.5 


183 


1949 


400 (c) 


1 


0.2 


400 


Total 


2133 


29 






Avg. 






1 i<" 


73 









(a) Division of Oil and Gas, Summary of Operations, Vols. 
26-34 inclusive. For development wells, only those 
ficldB experiencing well blowouts during this period are 
included. 

(b) Doc? not include three blowouts unspecified as to time 
or k -cation. 

(c) Estimated. 



TABLE 2 

Well Blowouts In California Drilling 
Operations (1940-1949) 


Nature of 
Objective 
Zone 


Number of 

Wells 
Drilled (a) 


Number ol 
Blowouts 

(b) 


Percentage 
of Blow- 
outs To 
Wells 
Drilled 


Wells 
Drilled per 
Blowout 


DEVELOPMENT (a) 


Oil 

(las 

Total.. 
Average 


5269 
150 

5419 


28 
6 

34 


0.5% 
4.0% 

0.0% 


190 
25 

160 


EXPLORATORY 


Oil 

(las 

Total. . . 
Average 


1813 
320 


19 
10 


1.0% 
3.1% 

1.4% 


96 
32 

73 


2133 


29 


ALL WELLS 


Oil 

tias 

Total. . . 
Average 


7082 
470 


47 
16 


0.7% 
3.4% 

0.8% 


150 

29 

120 


7552 


63 


(a) Division of Oil and Gas, Summary of Operations, Vols. 
26-34, inclusive. Wells drilled in 1949 are estimated. 
For development wells, only those fields experiencing 
well blowouts during this period are included. 

(b) Does not include three blowouts unspecified as to time 
or location. 



TABLE 3 

Well Blowouts In California Drilling Operations 
Loss of Primary Control Over Formation Pressure 







PRINCIPAL CAUSE 


CONTRIBUTING CAUSE 






Number of 


Percent of 


Number of 


Percent of 


CAUSES: 


Blowouts* 


Total Blowouts 


Blowouts 


Total Blowouts 


I. 






12 




22% 


8 


15% 




7 




13% 




5 


9% 






5 




9% 




3 


6% 


II. 


Insufficient Fluid Density 




8 


6% 


15% 










3 














5 




9% 








III. 


Reduction in Static Pressure by Pipe 








16% 




13% 








9 




7 


IV. 


Failure to Keep Hole Full 


11 


23 




42% 


3 


6% 








20% 




3 


6% 






12 




22% 




0 


0 








52* 




95% 







* Principal cause of primary loss of control for one blowout waB inadequate surface fittings (see Part III.). Principal cause 
could not I* determined for two blowouts of the 55 investigated. 



♦Reprinted, with permission, from "Well Blowouts in California Drilling," by A. J. Horn, published in World Oil, 
October 1950. 
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Table B. Well Blowouts in California During Drilling Operations (1950-1990). 









Blowouts as a 






No. of 


No. of 


% of 


Wells Drilled 


Year 


Wells Drilled 


Blowouts 


Wells Drilled 


per Blowout 


1950 


1,726 


2 


0.12 


863 


1951 


2,260 


3 


0.13 


753 


1952 


2,368 


1 


0.04 


2,368 


1953 


2,518 


3 


0.12 


839 


1954 


2,365 


1 


0.04 


2,365 


1955 


2,644 


2 


0.08 


1,322 


1956 


2,372 


0 




■ 


1957 


2,464 


1 


0.04 


2,464 


1958 


1,554 


1 


0.06 


1,554 


1959 


1,539 


1 


0.06 


1,539 


1960 


1,828 


3 


0.16 


609 


1961 


2,203 


2 


0.09 


1,102 


1962 


2,779 


5 


0.18 


556 


1963 


2,850 


0 




- 


1964 


2,787 


2 


0.07 


1,394 


1965 


2,495 


0 


" 


- 


1966 


2,503 


3 


0.12 


834 


1967 


2,808 


3 


0.11 


936 


1968 


2,637 


0 


" 


- 


1969 


2,054 


1 


0.05 


2,054 


1970 


2,095 


1 


0.05 


2,095 


1971 


2,120 


0 


- 


- 


1972 


1,353 


1 


0.07 


1,353 


1973 


1,324 


0 


- 


- 


1974 


2,376 


2 


0.08 


1,188 


1975 


2,695 


0 


" 


- 


1976 


2,677 


0 




- 


1977 


2,696 


1 


0.04 


2,696 


1978 


2,306 


1 


0.04 


2,306 


1979 


2,273 


1 


0.04 


2,273 


1980 


2,259 


0 




~ 


1981 


3,987 


1 


0.03 


3,987 


1982 


3,099 


1 


0.03 


3,099 


1983 


2,920 


1 


0.03 


2,920 


1984 


4,334 


2 


0.05 


2,167 


1985 


4,105 


0 






1986 


2,363 


1 


0.04 


2,363 


1987 


2,683 


3 


0.11 


894 


1988 


2,571 


1 


0.04 


2,571 


1989 


2,096 


0 






1990 


2,492 


1 


0.04 


2,492 


Total 


101,578 


52 


0.05 


1,992 (Avg.) 
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Table C. Oil- and Gas- Well Statistics for California. 



Part 1. Total number of wells drilled. 



Pre-1915 


12,796 


1915-1949 


39,674 


1950-1990 


101,578 


Total 


154,048 



Part 2. Number of wells drilled, 1950 to 1990, and active and inactive wells. 



Oil and Gas Wells Drilled (1950-1990) 



Producing Oil and Gas Wells 





Onshore & 


Federal 




(Federal OCS Included) 




State 


Offshore 










Year 


Offshore 


(OCS)* 


Total 


Active 


Inactive 


Total 


1950 


1,726 a 


0 


1,726 


27,369 


6,569 


33,938 


1951 


2,260 a 


0 


2,260 


29,741 


5,793 


35,534 


1952 


2,368 a 


0 


2,368 


31,096 


5,946 


37,042 


1953 


2,518" 


0 


2,518 


-i Ant 

32,382 


6,125 


38,507 


1954 


2,365 a 


0 


2,365 


33,244 


6,934 


40,178 


1955 


2,644 b 


0 


2,644 


34,731 


6,815 


41,546 


1956 


2,372 b 


0 


2,372 


35,967 


6,352 


42,319 


1957 


2,464" 


0 


2,464 


37,435 


6,953 


44,388 


1959 


1,554" 


0 


1,554 


36,1 13 


9,133 


45,246 


1959 


1,539 b 


0 


1,539 


37,421 


8,291 


45,712 


1960 


1,828* 


0 


1,828 


37,057 


8,318 


4o,2U3 


1961 


2,203 


0 


2,203 


38,674 


8,336 


47,010 


1962 


2,779 


0 


2,779 


39,786 


9,254 


49,040 


1963 


2,848 


2 


2,850 


4u,you 


i a T7/1 
lU,z/4 


j 1 ,234 


1964 


2,780 


7 


2,787 


a i no i 


10,504 


<1 /IOC 

52,423 


1965 


2,484 


11 


2,495 


An, nA 1 

42,241 


1 1 /coo 
I 1,000 


sj.yzy 


1966 


2,497 


6 


2,503 


An Ifll 


loon 
12,817 


35,2Uv 


1967 


2,796 


12 


2,808 


42, /20 


1 1 0£T 
13,00/ 


eon 
30,Do/ 


1968 


2,570 


67 


2,637 


42,021 


1 ATI 

15, U/ 1 


CI QQO 

j / ,oy2 


1969 


1,967 


87 


2,054 


42,2UU 


10, l \J 


CD QIC 

DO,y i j 


1970 


2,012 


83 


2,095 


A 1 ClAH 

4 1 ,y4 / 


1 1 TIC 


3y,oo2 


1971 


2,082 


38 


2,120 


A 1 A*%1 
4 1,42 J 


10, /ZD 


f.(\ 1 AQ 

ou, 1 4y 


1972 


1,341 


12 


1,353 


4U,0jD 


1 Q AAQ 


OU,jU4 


1973 


1,319 


5 


1,324 


Aft ftAQ 


iq f\fn 




1974 


2,366 


10 


2,376 


41,293 


18,249 


59,542 


1975 


2,681 


14 


2,695 


42,264 


18,408 


60,672 


1976 


2,659 


18 


2,677 


43,606 


18,375 


61,981 


1977 


2,637 


59 


2,696 


44,626 


18,788 


63,414 


1978 


2,272 


34 


2,306 


44,947 


17,997 


62,944 


1979 


2,241 


32 


2,273 


45,324 


18,132 


63,456 


1980 


2,208 


51 


2,259 


45,874 


18,458 


64,332 


1981 


3,923 


64 


3,987 


50,836 


15,007 


65,843 


1982 


3,015 


84 


3,099 


51,667 


15,624 


67,291 


1983 


2,838 


82 


2,920 


51,437 


16,687 


68,124 


1984 


4,270 


64 


4,334 


53,420 


17,197 


70,617 


1985 


4,060 


45 


4,105 


54,738 


17,596 


72,334 


1986 


2,324 


39 


2,363 


54,970 


18,765 


73,735 


1987 


2,640 


43 


2,683 


51,948 


23,304 


75,252 


1988 


2,539 


32 


2,571 


51,271 


24,313 


75,584 


1989 


2,080 


16 


2,096 


49,313 


26,258 


75,571 


1990 


2.476 




2.492 


51,778 


24,497 


76,275 


Total 


100,545 


1,033 


101,578 









a The number of wells completed, plus the number of exploratory wells abandoned. 
" Estimated numbers based on best available data. 



♦Statistics from Publication 90-0013, 1990, published by the U.S. Department of the Interior, Minerals Management Service. 
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